Introduction
Antibiotics have major role in reducing the burden of communicable diseases all over the world. However, the ability of the drugs to cure an infection is not infinite. Antimicrobial submit your manuscript | www.dovepress.com
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Gebresillassie et al resistance threatens the efficacy of successful treatment of infections, and it is a public health-related issue with national and global dimensions. 1 As a group, antibiotics contribute significantly to the cost of medications and claimed globally to account for 15%-30% of total budget for health. They account for >50% of the value of medication sold in India. The increasing overuse of antimicrobials associated with the development of resistance as well as adverse drug reactions. In several occasions, the rational use of antimicrobials has been reported to reduce the emergence of resistant strains. 2 Rational drug use is concerned with promoting the quality of care, preventing unnecessary drug exposure that leads to unwanted side effects, and cost-effective treatment, while maximizing therapeutic benefits and improving patient compliance. 3 People living with HIV/AIDS (PLWHA) or coinfected by tuberculosis (TB), although whether or not they have access to ART, will develop HIV-related opportunistic infections due to their compromised immune system. 4 So that, World Health Organization (WHO) has developed guidelines on cotrimoxazole preventive therapy (CPT) for HIV-related infections for children, adolescents, and adults in resource limited areas. 5 Cotrimoxazole is a combination of two antimicrobial drugs (sulfa-methoxazole and trimethoprim) that is a broad spectrum antimicrobial agent targeting a variety of aerobic Gram-positive and Gram-negative organisms and protozoa. Therefore, it is of particular interest for prophylactic treatment, since it has a broad coverage against common bacteria, parasites, including toxoplasmosis and those causing chronic diarrhea, and fungi/yeasts, such as pneumocystics carinii pneumonia (PCP). 6 The recommended dose of cotrimoxazole for adults living with HIV is 960 mg daily (800 mg sulfamethoxazole +160 mg trimethoprim, either as a 960 mg double strength tablet or as a single 480 mg). The dosing of cotrimoxazole prophylaxis for children is optimized based on their age or body weight bands. 7 In spite of this, wide scale use of cotrimoxazole prophylactic may increase the occurrence of antimicrobial resistance in communities to different pathogens. 8 The emergency of bacterial resistance to antimicrobials has become a major problem of the world. Studies have reported that 22%-65% of antibiotic prescriptions were inappropriate. 9, 10 Lack of competent diagnostic methods and inadequate/ poor knowledge of treatment regimens have contributed to incorrect drug choices, incorrect dosing, adverse drug reactions, and interactions, and use of more expensive drugs when less expensive drugs would be equally or more effective. Considering this problem, drug use evaluation has been recommended as a method for exploring and identifying inappropriate or unnecessary drug use that monitor, evaluate, and promote the rational drug use. 11, 12 Majority of the limited studies in the area of pharmaceutical sciences and services in Ethiopia have been focused on the assessment of prescription pattern and drug use evaluation in health institution-based setups. So far, in Gondar University Referral Hospital (GURH), there are no published reports aimed at evaluating the actual use of cotrimoxazole for prophylaxis in PLWHA. So the objective of this study was to dig out the drawbacks in the use of CPT and will generate information regarding cotrimoxazole drug use that will be used as a source of information to give emphasis on the gap between the current practice and the current guidelines for CPT use among PLWHA.
Materials and methods
Study area and design
An institution-based retrospective cross-sectional study was used on the rational use of cotrimoxazole as a preventive therapy among patients living with HIV/AIDS at GURH, northwestern Ethiopia. The hospital has 400 beds and a range of specialty departments, including internal medicine, pediatric, gynecology and obstetrics, surgery, psychiatry, HIV/ AIDS care unit, and outpatient clinic (Gondar University Referral Hospital Statics and Information Center, unpublished data, 2015).
The source population consists of all medical records of PLWHA on CPT in the ART care unit of GURH. The study population includes all medical records of PLWHA on CPT in the ART clinic of GURH during the data collection period.
Sample size calculation and sampling technique
Using a single mean formula, the sample size was determined as follows:
where n is the required sample size; d is the marginal error that is 5% (d=0. 
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Since the sample was taken from the total population of 835 PLWHA who have been taking CPT, ie, <10,000, the final sample size was determined after using the correction factor. So that,
From the sampling frame of list of all medical records of patients living with HIV/AIDS who were on CPT at the study area, study subjects' medical records were selected using systematic random sampling technique, and the sampling interval was calculated by using the following formula:
The starting number from the first three medical records was selected by simple random sampling technique, and it was 2. Starting from the second medical record, every Kth (third) medical record was included in the sample. Those medical records which did not fulfill the inclusion criteria or incomplete was substituted by the next patient's medical record.
Inclusion and exclusion criteria
All medical records of patients living with HIV/AIDS who were on CPT at GURH were included in the study; however, patient medical records with incomplete data and unclear documentation were excluded.
Study variables
The independent variables include sociodemographic characteristics of the patient (age, sex, pregnancy status, educational, and marital status), patient's clinical conditions (including WHO HIV clinical stages and comorbidities), and laboratory profiles (including CD4 counts and other laboratory tests). The dependent variables were indication/ use, daily prescribed dose, frequency, duration of treatment, occurrence of side effects, monitoring of CPT, drug interaction, contraindications, and discontinuation of CPT treatment.
Data collection and quality assurance
Data were collected by six principal investigators using a data collection checklist, which was structured and adopted from different guidelines on medication use evaluation. 3, 7 The study subjects' medical records were reviewed retrospectively for the rational use of cotrimoxazole as a preventive therapy in PLWHA. A pretest was also carried out on 20 randomly selected patients' medical records that are not included in the study. After that, necessary modifications (on recording of laboratory results) were applied to the data collection checklist.
Operational definitions CPT
CPT is a feasible, inexpensive, and well-tolerated way of using cotrimoxazole intervention in PLWHA to reduce HIV/ AIDS-related morbidities and mortalities caused by various bacteria, fungi, and protozoa.
Drug use evaluation
It is a systematic, continuous, and criteria-based drug use evaluation that ensures the appropriate use of medications. The criteria to be reviewed in different studies include indications, prescribed doses, dosage form, route of administration, duration of therapy, contraindications, and drug interactions.
Rational/appropriate use
CPT is used according to the current WHO guideline on the rational use of cotrimoxazole prophylaxis and supplementary section to the 2013 WHO consolidated guideline.
Incomplete data
It is defined as insufficient data or loss of data regarding the disease and the medication (such as indication, dose, frequency, and duration) and/or patient profiles.
Unclear data
It is defined as data that do not clearly indicate about the case of the patient such as clinical characteristics and different doses given for a single patient.
Contraindications
The followings were considered as contraindications for CPT in this study: severe allergy to sulfa drugs, first trimester of pregnancy, severe renal insufficiency (Cr >1.5 mg dL), severe hepatic disease (SGPT >115 IU/L for male and 90 IU/L for female), and bone marrow suppression (severe pancytopenia). 
128
Gebresillassie et al
Data processing and analysis
The data collected using the quantitative method was entered and analyzed using statistical packages for social sciences Version 20 statistical software computer program. Statistical analyses were performed using SPSS v.20 (SPSS Inc., Chicago, IL, USA). Frequencies, percentages, and regression analysis were used to analyze different variables. CI 95% and P-value <0.05 were used as cut points for determining the significance of association.
Ethical consideration
This study was conducted after ethical clearance was requested and gained from the research and ethics review committees of School of Pharmacy and the Clinical Directorate of GURH. Then the permission to collect data was obtained after official letters were written to the heads of ART clinic and information and statistics department of the hospital, since data collection was conducted by reviewing the medical records of patients on cotrimoxazole use as a preventive therapy among PLWHA. Moreover, all other concerned bodies were informed about aim and purpose of the study. Since the study did not directly involve the patients, there was no direct risk to study subjects for participating in the study. Therefore, informed consent was not sought from the study participants, but we made sure that confidentiality of the information was assured in such a way that no disclosure of any patient's or health care provider's name and drug product in relation to the finding was made.
Results
Sociodemographic characteristics
During a 4-week data collection period, a total of 264 study subjects' medical records were included in the study for analysis. The mean age of respondents was 28 years, with SD of 10 years. Majority of the participants were females (61%) and 15 of them were pregnant. About two-thirds (61.74%) of the patients were married, and most of them (43.39%) had attended primary school (1-8) ( (Table 2 ).
Dose and timing of CPT initiation
Approximately 259 (98.10%) of the PLWHA received correct dose of CPT, and majority of the patients, 139 (52.65%), initiated CPT before ART initiation; from these, 72 (27.30%) of the patients started before 2 weeks of ART initiation, and 65 (24.60%) of the patients started at 2 weeks prior to 
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Cotrimoxazole use when there is contraindication
Cotrimoxazole was used by 24 (9.09%) patients in spite of its contraindication in these patients. Majority of these patients were first trimester pregnant (eight [33.33%]), followed by patients who had severe allergy to sulfa drugs (seven [29.16%]) ( Table 4) . 
Discontinuation of CPT
Duration of CPT use and monitoring
The duration of cotrimoxazole prophylaxis therapy was assessed among the study population, and majority of the patients (73.9%) stayed on the prophylaxis therapy for >6 months followed by 1-6 months duration (20.1%) as illustrated in Figure 1 . During the follow-up visits, only in eleven (4.2%) patients, regular monitoring for every 3 months (clinical examination and laboratory tests, such as CD4, complete blood count [CBC], serum creatinine, liver function tests, and blood urea nitrogen) was done and recorded for any adverse reactions and efficacy, whereas monitoring results were not recorded for 1.5% patients (Figure 2) . 
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In the binary logistic regression test, sex and age were not found to have statistically significant effects on the occurrence of side effects. However, among the duration of therapy, patients who took <1 month (AOR =0.57, 95% CI =0.37-12.5) were more likely to encounter side effects than those who took the medication beyond a month. This statistically significant association was observed in the multivariate analysis when controlled for confounders (Table 6 ).
Appropriateness of CPT use
In summary, only 170 (64.40%) of the patients were found to be fully appropriate. The remaining patients were inappropriate for different reasons. One is incorrect discontinuation for nondocumented reasons. The others include continuation of CPT when CD4 count was >350 cells/mm 3 after 6 months of ART and inappropriate initiation ( Figure 3) .
Discussion
This study has tried to assess the pattern of rational use of CPT among PLWHA in GURH. Drug use evaluation (DUE) is one among the ways to ensure that drugs are used appropriately. If the use was deemed inappropriate, intervention with patients or providers was necessary to optimize the drug therapy. 15 The goal of antibiotic therapy is to achieve the best possible clinical outcomes with a reduced risk for developing resistance while consuming the least amount of hospital resources. Therefore, studying the use of cotrimoxazole as a preventive therapy among PLWHA helps to understand the way that cotrimoxazole is being utilized in this hospital. In this study, majority of the patients (61%) on CPT were females, which was in agreement with the observations reported from Hawassa Referral Hospital (64.80%) and Jimma Teaching Specialized Hospital (70.99%). 15, 16 For the initiation of cotrimoxazole prophylaxis, about three-fourths of the patients initiated CPT with CD4 counts <350 cell/mm 3 or symptomatic for the prevention of opportunistic infections, such as PCP, TB, and toxoplasmosis, which was in agreement with the findings reported from study conducted by WHO HIV/AIDS program officers in 69 selected countries and Jimma University Specialized Hospital. 17, 18 However, in some of the patients (who were WHO stage 1 and CD4 level >350 cells/mL), CPT was initiated without any symptomatic disease, which was not in-line with WHO guideline on the rational use of cotrimoxazole prophylaxis and supplementary section to the 2013 WHO consolidated guideline; this finding was also higher than the value obtained from Boru Meda Hospital, which was 2%. 19 This might result in an increase in the risk of cotrimoxazole adverse effects and increases the risk of antibiotic resistance since at this time there is no need to initiate the prophylaxis because the patients' immunity is strong enough to protect against opportunistic infections.
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Almost all (98.10%) of the patients received appropriate dose of CPT, which was higher than the finding obtained from a retrospective evaluation study conducted in Hawassa (87%) and Jimma (85.93%). Even though the rational use CPT regarding the dose was encouraging, the prescribers should strictly adhere to the available national guidelines beyond the dose of the prophylaxis.
Despite its contraindication, ~9.09% patients used cotrimoxazole against its contraindications. This finding was in-line with the finding reported from Boru Meda, which was 8.06%. Compared with the study conducted in Jimma, which was 6.41%, this finding was higher. This might have resulted because of the lack of health professionals paying attention to contraindications and nonadherence to the available updated guidelines, such as WHO guideline on the rational use of cotrimoxazole prophylaxis and supplementary section to the 2013 WHO consolidated guideline.
WHO and Ethiopian Federal Ministry of Health recommended the reasons for discontinuation of CPT in PLWHA for better treatment outcome and for preventing potential drug-related problems. [21] [22] [23] Regarding this, out of 92 patients who discontinued CPT, approximately two-thirds of them were discontinued according to the WHO guideline on the rational use of cotrimoxazole prophylaxis and supplementary section to the 2013 WHO consolidated guideline, whereas the rest (approximately one-third) of them discontinued without any documented data for their discontinuation. These findings were lower than that reported from Boru Meda and Jimma, which were 75% and 76.60%, respectively. 15, 19 The reason attributed for this was the lack of organized documentation system during every visit to the hospital.
Regarding the occurrence of cotrimoxazole-associated adverse events, 6.06% patients developed gastrointestinal discomfort, such as peptic ulcer disease, while 4.92% patients developed skin rash during the course of prophylaxis. Similarly, a study conducted in Zambia on CPT use among children (1-14 years) showed that 0.3% of the respondents developed skin rash. 24 Compared to this study, the occurrence of adverse events in GURH was higher.
This might have resulted because of health professionals' ignorance in assessing their patients thoroughly and recording the results appropriately during each visit or it could be related to maldispensing practice/common dispensing short-comings in the ART pharmacy, such as poor counseling, medication history taking, and lack of organized recording system of the patient profile.
In addition, the binary logistic regression analysis test revealed that the duration of prophylaxis has statistically significant predictor in the occurrence of side effects. Among the duration of therapies, patients who took <1 month (AOR =0.57, 95% CI =0.37-12.5) were more likely to develop side effects (peptic ulcer and skin reactions) than those who took the medication beyond a month. This statistically significant association was observed in the multivariate analysis while controlling for confounders. This report was in agreement with evidence from a multicenter study conducted by Dutch AIDS treatment group, which reported that most of the adverse reactions that required discontinuation frequently were observed during the first month of cotrimoxazole use. 25 In approximately quarter of the patients, cotrimoxazole had interaction with zidovudine, which is lower compared with the finding from Boru Meda that was 49.59%. Cotrimoxazole may enhance the myelosuppressive effect of zidovudine, and this interaction might cause bone marrow suppression, and thus, hematologic abnormalities, such as anemia, thrombocytopenia, and neutropenia, might occur. 4, 19 This in turn leads to the lack of adherence and poor patient outcomes.
According to the WHO guideline on the rational use of cotrimoxazole prophylaxis and supplementary section to the 2013 WHO consolidated guideline, it is recommended for patients to have laboratory tests before initiating cotrimoxazole and regular follow-up initially monthly and then every 3 months. If the drug is well tolerated, children should be evaluated monthly. 7, 20 Regarding this, in ~94.31% of patients, follow-up monitoring was made irregularly, whereas in 1.51%, it was not recorded. Monitoring parameters in adults should include CD4 count and CBC measurements every 3 months, 7, 20 but in this study, during follow-up, CD4 count and CBC were determined for only 4.20% and 2.30% patients, respectively. Although other tests, such as renal and liver function tests, were available in this hospital, due to lack of giving attention/ignorance, majority of the patients took CPT without being assessed for their kidney function level, which may lead to crystalluria for those with renal failure. On the other hand, the report from Hawassa Referral Hospital submit your manuscript | www.dovepress.com
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Gebresillassie et al did not address laboratory monitoring of CBC (hemoglobin) due to the lack of data on these profile. 16 As compared with this hospital, laboratory measurement of hematological profile was good in GURH, even though it was made for less number of patients.
Strengths and limitations
Even though this research was conducted at right time where resistance, treatment failure, and adverse reactions occur, the major concern was the retrospective nature of the study that might be taken as a limitation. However, considering the time and cost needed for conducting prospective research, retrospective research was feasible and better option in a resource-limited setup, such as GURH. Moreover, use of the updated CPT treatment guideline was also taken as a strength.
Conclusion
In this study, the overall use of cotrimoxazole as a prophylaxis therapy among patients living with HIV/AIDS was consistent with WHO guidelines on the rational use of cotrimoxazole prophylaxis. The highest consistency was found regarding to rationale for dose, indication, and discontinuation. However, its use despite the presence of contraindications and inappropriate discontinuation of CPT was not in-line with the WHO guideline. In certain patients, the lowest consistency was observed in monitoring the adverse reactions during followup visits; along with this, factors that affect the adherence to the monitoring schedule and problems regarding drug-drug interaction were identified and justified. So, to improve the outcome, the practice of timing of initiation, discontinuation, follow-up for adverse drug effects, and documentation during each visit should be improved through continuously updating the health professionals and implementing and adhering strictly to the updated national guidelines.
